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ABSTRACT 
	Aims: To determine the qualitative and quantitative analysis of various plant parts by using the solvents of varying polarity.
Place and Duration of Study: Plant Physiology Laboratory, Department of Botany and Microbiology, Acharya Nagarjuna University, during May and June, 2022.
Methodology: True mangroves i.e. Aegiceras corniculatum (Ac) and Sonneratia apetala (Sa)) and associate mangrove species i.e. Clerodendrum inerme (Ci), Derris trifoliata (Dt) and Suaeda maritima (Sm) of Nizampatnam located on the south-east coast of Andhra Pradesh, India were selected for the study. Healthy and fresh leaves, stems, and roots were washed and dried. All the plant parts powdered with the help of a food processor and sieved. The powders were tested for qualitative and quantitative screening of phytochemicals hexane, ethyl acetate, methanol, and water.  
Results: Qualitative and quantitative investigations found that the true mangrove, Aegiceras corniculatum, showed a diverse range of phytochemicals. The methanol and ethyl acetate extracts were especially high in phenolics (53.01 mg/g), coumarins (24.81 mg/g), flavonoids (63.47 mg/g), saponins (32.07 mg/g), tannins (51.17 mg/g), and terpenoids (56.11 mg/g). Mangrove associate Suaeda maritima outperformed the other mangrove associates. S. maritima contained high amounts of saponins (18.23 mg/g), terpenoids (52.66 mg/g), flavonoids (16.32 mg/g), and alkaloids (6.87 mg/g).
Conclusion: True mangrove Aegiceras corniculatum displaying the highest phytochemical potential both qualitatively and quantitatively. Mangrove associate Suaeda maritima also shown outstanding phytochemical richness and yield among the related associate mangroves.
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1. INTRODUCTION 

Non-communicable diseases (NCDs) such as cardiovascular disease, cancer, diabetes, and chronic respiratory disorders will continue to be important global health issues in 2024. NCDs are projected to account for 74% of all deaths globally, with 41 million people dying each year, 15 million of whom are between the ages of 30 and 69 (https://combatinglungcancerasiapacific.com). It has been estimated that 77% of this burden was deflected on to low- and middle-income nations (GBD 2019 Collaborators, 2020). The burden is most severe in India, where NCDs have caused almost 63% of all deaths. Cardiovascular diseases alone account for approximately 28% of all Indian deaths, representing more than 3 million deaths each year, while the diabetic population has increased to 212 million, representing almost 26% of the world diabetic population (Sweta et al., 2024).
The increasing cases of drug-resistant diseases and long-term side effects emphasize the imminent need to investigate alternative, safer, and sustainable therapeutic strategies. Allopathic traditional medicine, while successful in acute treatment and symptomatic cure, frequently suffers severe constraints in long-term health outcomes. Extended use of synthetic medicines correlates with organ toxicity, antimicrobial resistance, drug adverse effects, and iatrogenic complications (Lazarou et al., 1998; Ventola, 2015) as well as expensive treatment. On the contrary, herbal plant medicines have re-emerged as a vital component of therapy based on their biocompatibility, low cost, and wide pharmacological activity. The World Health Organization (WHO) approximates that more than 80% of the global population depends on traditional plant medicines for primary healthcare, especially in Africa and Asia (WHO, 2021).  Phytochemicals present extensively in medicinal plants, display major antioxidant, anti-inflammatory, anticancer, antimicrobial, and immunomodulatory activities (Atanasov et al., 2021).	 Mangrove ecosystems, which cover intertidal areas along tropical and subtropical shores, are perhaps the most productive and ecologically important biomes on Earth. These specialized vegetation communities have developed distinctive physiological and structural features to live in saline, hypoxic, and highly dynamic habitats (Kathiresan and Bingham, 2001; Tomlinson, 2016). Mangrove vegetation is generally divided into true mangroves, which are obligate and restricted to mangrove swamps, and associate mangroves, which are facultative species with distributions in both mangrove and non-mangrove sites (Duke, 1992). Aside from their biological roles in shoreline protection, carbon fixation, and nutrient cycling, mangroves are now valued for their abundance of bioactive secondary metabolites. These phytochemicals, which include flavonoids, phenolics, alkaloids, tannins, and terpenoids, play essential roles in plant defense, allelopathy, and stress tolerance. Furthermore, various mangrove elements have demonstrated interesting pharmacological properties, including antioxidant, antibacterial, anti-inflammatory, and anticancer action (Bandaranayake, 2002; Kathiresan and Rajendran, 2005).
	Mangrove habitats are dwell in typical environmental conditions, such as salt, UV irradiaion, and oxidative stress. To cope of these adverse situations mangroves promote the manufacture of secondary metabolites, contributing to their specific phytochemical compositions (Alongi, 2002). Despite this potential, comparative phytochemical studies between true and associate mangrove species remain limited, especially with regard to both qualitative and quantitative profiling. This study aims to analyze the phytochemical content of selected true and associate mangrove species using standard qualitative assays and spectrophotometric quantification. Further this study highlight their relevance in drug discovery, natural product research, and conservation biology.

2. material and methods 

True mangroves i.e. Aegiceras corniculatum (Ac) and Sonneratia apetala (Sa)) and associate mangrove species i.e. Clerodendrum inerme (Ci), Derris trifoliata (Dt) and Suaeda maritima (Sm) of Nizampatnam located on the south-east coast of Andhra Pradesh, India were selected for the study. Healthy and fresh leaves, stems, and roots were washed and dried. All the plant parts powdered with the help of a food processor and sieved. The powders were tested for qualitative and quantitative screening of phytochemicals hexane, ethyl acetate, methanol, and water.  

2.1 Plant Collection and Sample Preparation
Plant samples were collected from the middle and upper canopy during May and June 2022. The collected samples were washed thoroughly to remove surface impurities. Subsequently, the rinsed samples subjected to shade dry, followed by pulverization using a mechanical blender. The resulting powder was filtered through a 0.25 mm sieve to ensure uniform particle size. The obtained powders were stored in airtight containers until further use.
2.2 Extraction of Plant Material
Approximately 150 g of powdered leaf, stem, and root material from each plant species was subjected to Soxhlet extraction solvents of increasing polarity i.e n-hexane, ethyl acetate, 80% methanol, and double-distilled water. Extraction was continued up to 12–18 hours. The resulting crude extracts were concentrated using a rotary vacuum evaporator (Buchi Labortechnik AG, Model R-215). The dried extracts were stored at 4 °C in sealed glass vials for subsequent phytochemical screening.
2.3 Preliminary Phytochemical Screening
Qualitative phytochemical screening of crude extracts was performed using standard protocols of Harborne, (1973) and Gibbs, (1974) to determine the presence phenolic compounds, coumarins, cardiac glycosides, saponins, tannins, flavonoids, terpenoids and alkaloids.
2.3.1 Phenolic Compounds: To 2 mL of the test extract, 0.5 mL of ferric chloride solution (FeCl3) (w/v) was added. The appearance of a dark blue colour showed the presence of phenolic compounds.
2.3.2 Coumarins: To a small amount of plant extract alcoholic sodium hydroxide was added and development of a yellow coloration reported the occurrence of coumarins.
2.3.3 Cardiac Glycosides: Anthrone reagent was added to plant extract, followed by addition of concentrated sulfuric acid (H₂SO₄) and gently warmed. The formation of deep green coloration confirmed the presence of cardiac glycosides.
2.3.4 Saponins: Plant extract was mixed with 10 mL of distilled water and shaken vigorously for 10 minutes. The formation honeycomb-like froth indicates saponins.
2.3.5 Tannins: To 2 mL of plant extract, a few drops of lead acetate solution (10%) was added. The appearance white precipitate confirmed the presence of tannins.
2.3.6 Flavonoids: The plant extract was mixed with a few magnesium flakes and a few drops of concentrated hydrochloric acid (HCl). The formation of pink coloration indicated the presence of flavonoids.
2.3.7 Terpenoids: Plant extract was added with acetic anhydride and concentrated HCl, followed by the addition of 50% sulfuric acid (H2SO4). Formation of blue-green indicated the presence of terpenoids.

2.3.8 Alkaloids: To 2 mL of plant extract, a few drops of dilute hydrochloric acid (HCl) was added. Subsequently, 1 mL of Dragendorff’s reagent was added. The appearance of reddish-brown precipitate showed the presence of alkaloids.
Bottom of Form
2.4. Quantitative phytochemical analysis of leaf extracts
A quantitative examination of phytochemical components was performed.
2.4.1 Total phenolic compounds (mg of GA/g): The phenolic content was measured according to Alhakmani et al. (2013). A reaction mixture was prepared by adding 0.5 mL of plant extract, 2.5 mL of 10% aqueous Folin-Ciocalteu's reagent, and 2.5 mL of 7.5% aqueous NaHCO3. The samples were incubated at 45 °C for 45 minutes. The absorbance was reocrded at 765 nm. A standard was prepared using gallic acid. 
2.4.2 Coumarins (mg CE/g): Coumarin content was measured using the Rajat Buragohain (2015) method. To the plant extract, 2 ml of distilled water and 500 µl of a 5% lead acetate solution (w/v) was added. Contents were shook vigorously, followed by the addition of 7 ml of distilled water and mixed well. From this solution 2 ml was taken into separate test tube, and added with 8 ml of 0.1 M (v/v) hydrochloric acid. The solution was maintained at room temperature for 30 minutes and the absorbance was measured at 320 nm. 
2.4.3 Cardiac glycosides (g/100 g): Cardiac glycosides were determined according to Muhammad and Abubakar (2016). To the 8 ml of plant extract 60 ml of H2O and 8 ml of 12.5% lead acetate was added, and then filtered. From this, 50 ml of the filtrate was transferred to another 100 ml flask.  To this 8 ml of 47% Na2HPO4 was added in order to precipitate the excess Pb2+ ions and diluted with water. The mixture was filtered twice. Now, 10 mL of filtrate was transferred to a clean Erlyn-Meyer flask and treated with 10 mL of Baljet reagent. A blank titration was performed using 10 mL of pure water and 10 mL of Baljet reagent. This was allowed to stand for one hour and the color intensity was determined at 495 nm.
                                     Optical Density × 100
% Total glycosides = ----------------------------------
                                                                                            77 
2.4.4 Total saponins (%): The saponin content was calculated according to Aryan et al. (2022).  The plant extract was mixed with 100 ml of aqueous ethanol (20%). The solution was heated at 55 °C for 4 hours, with constant stirring. The solution was filtered and extracted using 200 mL of ethanol (20%). Both extracts were mixed, and the solvent was evaporated to reach 40 mL. This was further extracted to 20 mL using diethyl ether. The aqueous layer was retained, and purified with 60 mL of n-butanol. It was then rinsed with 10 mL of aqueous NaCl (5%).  The purified plant sample was measured at 380 nm. 
2.4.5 Tannin (mg TA/g): The tannin content was measured using Folin-Ciocalteu method (Polshettiwar et al., 2007). To 0.1 ml of plant extract, 7.5 ml of distilled water, Folin-Ciocalteu phenol (0.5 ml), and 1 ml of 35% sodium carbonate was added. These contents were diluted to 10 ml. The reaction mixture was thoroughly agitated, incubated for halften hour. The absorbance was determined at 700 nm. 
2.4.6 Flavanoids (mg QE/g): The total flavonoid content was calculated using quercetin as the standard calibration curve (Igbinosa et al., 2013). A 0.5 ml amount of 2% AlCl3 ethanol solution was mixed with 0.5 ml of plant extract. After 1 hour of incubation absorbance was recorded at 420 nm. 
2.4.7 Terpenoids (µg/mg): The terpenoids were estimated according to Truong et al. (2021). A reaction cocktail of 4 N sulphuric acid (2 ml), 0.5% w/v iron (III) chloride (2 ml), and 0.5% w/v potassium hexacyanoferrate (0.5 ml) was added to 1 ml of plant extract. The mixture was heated for 30 minutes at 70 ⁰C and absorbance was measured at 780 nm.
2.4.8 Alkaloids (mg of AE/g): One milligram of plant extract was dissolved in dimethyl sulfoxide (DMSO), followed by the addition of one milliliter of 2N HCl and filtered. This solution was further added to a separate funnel containing 5 ml of bromocresol green solution and 5 ml of phosphate buffer. The mixture was agitated with 1, 2, 3, and 4 mL of chloroform, and collected in a 10 mL volumetric flask containing chloroform. The reference standard solutions of atropine (20, 40, 60, 80, and 100 µg/ml) were prepared. The optical density of plant extract and standard solutions was measured at 470 nm. 
3. results

The qualitative screening of phytochemicals in the leaves, stems, and roots of selected true and associate mangrove species Aegiceras corniculatum (Ac), Clerodendrum inerme (Ci), Derris trifoliata (Dt), Suaeda maritima (Sm), and Sonneratia apetala (Sa) was conducted using four solvents of varying polarity i.e. hexane, ethyl acetate, methanol, and water (Table 1). The presence of phenolic compounds was recorded in the leaf extracts of all species, with the exception of the hexane and ethyl acetate extracts of C. inerme. All stem extracts contained phenolics, except for the ethyl acetate extract of D. trifoliata and aqueous extracts of A. corniculatum and S. maritima. In roots, phenolics were detected in all plant samples when extracted with methanol.  However C. inerme of hexane, ethyl acetate and methanol also not reported phenolic compounds.  Their presence also not observed in D. trifoliata samples of ethyl acetate.  Coumarins were widely distributed across leaf extracts, except in the hexane, ethyl acetate, and aqueous extracts of C. inerme, and the methanol extract of D. trifoliata. In stem extracts, ethyl acetate consistently revealed the presence of coumarins in all species, whereas hexane extract of C. inerme, and methanol extracts of A. corniculatum, S. apetala, and S. maritima also tested positive. Notably, aqueous stem extracts of all species failed to show coumarins. Similarly, coumarins were absent in root extracts of C. inerme (all solvents), D. trifoliata (hexane, ethyl acetate, and aqueous), and A. corniculatum (hexane and aqueous). Glycosides were present in leaf extracts of all species and solvents, except in D. trifoliata extracts with hexane, methanol, and water. In stem tissues, glycosides were absent in the ethyl acetate and aqueous extracts of C. inerme, and in the aqueous extract of S. maritima. In root samples, glycosides were only detected in the hexane extract of A. corniculatum, while the ethyl acetate, methanol, and aqueous extracts of C. inerme, D. trifoliata, and S. maritima tested negative. Saponins were universally detected in leaf extracts across all solvent types. In stem samples, saponins were present in all species except A. corniculatum. Root extracts of C. inerme (hexane, ethyl acetate, and aqueous) and D. trifoliata (aqueous) did not exhibit saponin presence. Tannins were detected in all leaf extracts prepared with methanol and water, while the hexane extract was positive only for A. corniculatum. Ethyl acetate extracts showed tannin presence in all species except C. inerme. All stem extracts revealed tannin content except for the aqueous extract of A. corniculatum. In roots, tannins were not observed in C. inerme (ethyl acetate, methanol, and aqueous) and in the hexane extract of D. trifoliata. Flavonoids were present in nearly all leaf extracts, with exceptions noted in the hexane extracts of D. trifoliata, S. apetala, and S. maritima, and in the ethyl acetate and aqueous extracts of S. maritima. In stem extracts, flavonoids were observed in all samples except the aqueous extracts of A. corniculatum and S. maritima. All root extracts across solvents confirmed the presence of flavonoids. Terpenoids were broadly distributed across all root samples irrespective of the solvent. In leaf extracts, terpenoids were absent in the hexane and aqueous extracts of A. corniculatum, and in the ethyl acetate and aqueous extracts of S. maritima. In stem extracts, terpenoids were not detected in the hexane and aqueous extracts of S. maritima, and in the aqueous extract of A. corniculatum. Alkaloids were not detected in the aqueous leaf extracts of A. corniculatum and S. maritima. Similarly, aqueous stem extracts of A. corniculatum, D. trifoliata, and S. maritima, and the hexane extract of S. maritima, did not exhibit alkaloid presence. In roots, alkaloids were absent in the aqueous extracts of C. inerme and D. trifoliata.
	
Table 1.	Phyotchemical screening of mangroves and associate mangroves

	Phytochemicals
	Solvent
	Aegiceras corniculatum 
	Clerodendrum inerme 
	Derris trifoliata 
	Suaeda maritima 
	Sonneratia apetala 

	Phenolic Compounds
	Hexane
	+
	–
	+
	+
	+

	
	Ethyl acetate
	+
	–
	+
	+
	+

	
	Methanol
	+
	+
	+
	+
	+

	
	Water
	+
	+
	+
	+
	+

	Coumarins
	Hexane
	+
	–
	+
	+
	+

	
	Ethyl acetate
	+
	–
	+
	+
	+

	
	Methanol
	+
	+
	–
	+
	+

	
	Water
	+
	–
	+
	+
	+

	Glycosides
	Hexane
	+
	+
	–
	+
	+

	
	Ethyl acetate
	+
	+
	+
	+
	+

	
	Methanol
	+
	+
	–
	+
	+

	
	Water
	+
	+
	–
	+
	+

	Saponins
	Hexane
	+
	+
	+
	+
	+

	
	Ethyl acetate
	+
	+
	+
	+
	+

	
	Methanol
	+
	+
	+
	+
	+

	
	Water
	+
	+
	+
	+
	+

	Tannins
	Hexane
	+
	–
	–
	–
	–

	
	Ethyl acetate
	+
	–
	+
	+
	–

	
	Methanol
	+
	+
	+
	+
	+

	
	Water
	+
	+
	+
	+
	+

	Flavonoids
	Hexane
	+
	+
	–
	–
	–

	
	Ethyl acetate
	+
	+
	+
	+
	+

	
	Methanol
	+
	+
	+
	+
	+

	
	Water
	+
	+
	+
	+
	+

	Terpenoids
	Hexane
	–
	+
	+
	+
	+

	
	Ethyl acetate
	+
	+
	+
	+
	–

	
	Methanol
	+
	+
	+
	+
	+

	
	Water
	–
	+
	+
	+
	–

	Alkaloids
	Hexane
	+
	+
	+
	+
	+

	
	Ethyl acetate
	+
	+
	+
	+
	+

	
	Methanol
	+
	+
	+
	+
	+

	
	Water
	+
	+
	–
	+
	–



The potential yield of phytochemicals of the leaves, stems, and roots of test plants Aegiceras corniculatum (Ac), Clerodendrum inerme (Ci), Derris trifoliata (Dt), Suaeda maritima (Sm), and Sonneratia apetala (Sa) was assessed by using four solvents with varied polarity i.e hexane, ethyl acetate, methanol, and water (Table 2). The data revealed considerable variation in the extraction efficiency of different phytochemicals across species, plant parts, and solvents.  In present study phenolic compounds were effectively extracted with methanol. Among the leaf samples, S. apetala reported the high phenolic content in methanol extract (41.21 mg/g), whereas the minimum content was observed in hexane extract of D. trifoliata (3.67 mg/g). In stem tissues, phenolic content ranged from 0.89 mg/g in hexane extract of C. inerme to 52.11 mg/g in methanol extract of A. corniculatum. Root extracts also followed a similar trend, with A. corniculatum methanol extract yielding the highest phenolic content (53.01 mg/g), while the methanolic extract of C. inerme yielded the lowest (1.72 mg/g).  Coumarin content was highest in A. corniculatum across all parts, with leaf extracts showing 22.16 mg/g in ethyl acetate and 19.25 mg/g in methanol rxtract. The lowest coumarin level in leaf tissues was noted in methanol extract of C. inerme (2.67 mg/g). In stem samples, maximum coumarin concentrations were again observed in methanol (18.27 mg/g) and ethyl acetate (18.21 mg/g) extracts of A. corniculatum, while C. inerme hexane extract exhibited the lowest content (2.81 mg/g). Among root samples, A. corniculatum showed highest yields 24.81 and 24.14 mg/g in methanol and ethyl acetate, respectively, with the lowest in methanol extract of C. inerme (1.98 mg/g). Glycoside extraction showed solvent-dependent variability. Ethyl acetate effectively extracted glycosides from all leaf samples, with the highest content in A. corniculatum methanol extract (6.89 mg/g) and the lowest in aqueous extract of C. inerme (0.98 mg/g). Similar trends were observed in stems and roots, with A. corniculatum methanol extracts yielding higher glycoside levels 5.11 mg/g in stem and 5.84 mg/g in root respectively, whereas C. inerme and A. corniculatum hexane extracts yielded the lowest 0.76 and 1.98 mg/g, respectively both in stem and roots.  Saponins were consistently extracted by all solvents from leaf samples, with A. corniculatum showing the maximum levels in all solvents, notably 21.41 mg/g in methanol. The lowest leaf saponin content was found in C. inerme hexane extract (2.63 mg/g). In stem samples, saponin content recorded high at 26.20 mg/g in A. corniculatum methanol extract and was lowest in C. inerme hexane extract (1.00 mg/g). Similar trend was observed in root samples, with A. corniculatum methanol extract containing the peak saponin level (32.07 mg/g), and C. inerme methanol extract the minimum levels (1.42 mg/g). Tannin content was highest in ethyl acetate extract of D. trifoliata leaves (40.61 mg/g), followed by methanol extract of A. corniculatum (34.27 mg/g). The lowest yield was reported with aqueous extract of C. inerme (4.60 mg/g). In stem samples, A. corniculatum methanol and ethyl acetate extracts recorded 46.11 and 40.20 mg/g, respectively. C. inerme hexane extract showed the minimum yield (1.47 mg/g). All root samples yielded tannins, with A. corniculatum methanol and ethyl acetate extracts showing the highest levels (51.17 mg/g), and C. inerme aqueous extract detected with less tannins (1.27 mg/g).  Flavonoid content was highest in ethyl acetate extracts of leaves, with A. corniculatum exhibiting the highest (63.47 mg/g), and C. inerme hexane extract the less content (6.22 mg/g). Notably, hexane extracts of D. trifoliata, S. apetala, and S. maritima did not yield detectable flavonoids. In stems, A. corniculatum (22.18 mg/g) and S. apetala (21.38 mg/g) methanol extracts showed high flavonoid content, while C. inerme hexane extract recorded the lowest flavonoids (4.10 mg/g) levels. Root samples showed highest flavonoid yields in A. corniculatum methanol (36.16 mg/g) and hexane (31.64 mg/g) extracts. The lowest content was observed in C. inerme ethyl acetate extract (3.10 mg/g).  Terpenoid content in leaf samples was highest in methanol (48.12 mg/g) and ethyl acetate (45.21 mg/g) extracts of A. corniculatum, while C. inerme aqueous extract was recorded the minimum levels of terpenoids (3.22 mg/g). Among stem samples, methanol extracts of A. corniculatum (56.11 mg/g) and S. maritima (52.66 mg/g) showed higher yields, whereas ethyl acetate extract of S. maritima was recorded lower levels (3.10 mg/g). All root extracts yielded terpenoids, with considerable levels across all samples.  Alkaloid yield was observed in all leaf extracts, with maximum content in S. maritima methanol extract (6.87 mg/g), followed by A. corniculatum and S. apetala (5.62 mg/g each). C. inerme hexane extract yielded the least levels of alkaloids (0.94 mg/g). In stem tissues, methanol (9.12 mg/g) and ethyl acetate (7.27 mg/g) extracts of A. corniculatum recorded the high alkaloid contents. No alkaloids were detected in hexane extract of S. maritima and aqueous extracts of A. corniculatum and S. maritima. Among roots, all solvents extracted alkaloids from all the samples, except aqueous extracts of C. inerme and D. trifoliata. The highest root alkaloid levels were found in S. apetala (12.80 mg/g) and A. corniculatum (10.12 mg/g) methanol extracts, whereas the minimum levels were recorded in C. inerme hexane extract (1.00 mg/g).

Table 2. Quantification of phytochemicals from mangroves and associate mangroves

	Phytochemical
	Plant Part
	Solvent
	Ac
	Ci
	Dt
	Sa
	Sm

	Phenolic compounds
	Leaf
	Hexane
	16.60
	-
	3.67
	4.57
	4.10

	
	
	Ethyl acetate
	28.10
	-
	20.19
	26.11
	27.80

	
	
	Methanol
	38.18
	14.00
	7.18
	41.21
	22.10

	
	
	Water
	21.11
	18.10
	5.16
	20.16
	19.35

	Coumarins
	Leaf
	Hexane
	12.32
	-
	10.12
	10.58
	9.22

	
	
	Ethyl acetate
	22.16
	-
	16.19
	16.11
	14.26

	
	
	Methanol
	19.25
	2.67
	-
	18.10
	16.27

	
	
	Water
	8.25
	-
	6.58
	6.89
	6.10

	Glycosides
	Leaf
	Hexane
	3.80
	0.99
	-
	3.20
	3.01

	
	
	Ethyl acetate
	5.20
	0.98
	5.11
	4.01
	3.94

	
	
	Methanol
	6.89
	1.11
	-
	5.94
	4.17

	
	
	Water
	4.21
	0.98
	-
	3.99
	3.76

	Saponins
	Leaf
	Hexane
	12.69
	2.63
	5.00
	6.94
	5.20

	
	
	Ethyl acetate
	18.32
	3.94
	6.47
	11.09
	8.45

	
	
	Methanol
	21.41
	5.62
	9.49
	13.80
	12.60

	
	
	Water
	17.58
	2.86
	5.94
	9.11
	7.60

	Tannins
	Leaf
	Hexane
	30.44
	-
	-
	-
	-

	
	
	Ethyl acetate
	31.54
	-
	40.61
	26.34
	-

	
	
	Methanol
	34.27
	14.40
	32.01
	33.62
	31.46

	
	
	Water
	29.48
	4.60
	19.40
	24.52
	22.17

	Flavonoids
	Leaf
	Hexane
	17.10
	6.22
	-
	-
	-

	
	
	Ethyl acetate
	63.47
	27.19
	22.11
	47.99
	42.86

	
	
	Methanol
	41.15
	9.16
	40.70
	41.07
	38.94

	
	
	Water
	19.12
	8.75
	9.26
	18.11
	17.68

	Terpenoids
	Leaf
	Hexane
	-
	4.24
	18.12
	20.58
	17.66

	
	
	Ethyl acetate
	45.21
	5.34
	24.32
	34.20
	-

	
	
	Methanol
	48.12
	8.56
	27.95
	41.62
	39.58

	
	
	Water
	-
	3.22
	12.10
	14.69
	-

	Alkaloids
	Leaf
	Hexane
	3.96
	0.94
	2.67
	3.72
	3.11

	
	
	Ethyl acetate
	4.89
	1.04
	2.69
	4.44
	4.10

	
	
	Methanol
	5.62
	1.54
	2.92
	5.62
	6.87

	
	
	Water
	4.11
	1.00
	1.41
	4.59
	3.11

	Phenolic compounds
	Stem
	Hexane
	8.10
	0.89
	4.16
	6.27
	5.00

	
	
	Ethyl acetate
	9.67
	1.03
	-
	38.21
	39.17

	
	
	Methanol
	52.11
	1.89
	28.10
	41.90
	40.27

	
	
	Water
	-
	1.11
	2.18
	20.12
	-

	Coumarins
	Stem
	Hexane
	-
	2.81
	-
	-
	-

	
	
	Ethyl acetate
	18.21
	-
	-
	14.10
	12.17

	
	
	Methanol
	18.27
	-
	-
	15.36
	12.01

	
	
	Water
	-
	-
	-
	-
	-

	Glycosides
	Stem
	Hexane
	2.80
	0.76
	2.10
	1.89
	3.00

	
	
	Ethyl acetate
	4.17
	-
	3.11
	3.14
	3.15

	
	
	Methanol
	5.11
	0.91
	3.25
	4.27
	3.29

	
	
	Water
	4.10
	-
	2.98
	3.51
	-

	Saponins
	Stem
	Hexane
	9.42
	1.00
	3.99
	9.60
	7.28

	
	
	Ethyl acetate
	16.22
	2.14
	5.80
	15.27
	13.06

	
	
	Methanol
	26.20
	2.98
	6.98
	7.36
	7.01

	
	
	Water
	-
	1.89
	4.11
	9.74
	8.66

	Tannins
	Stem
	Hexane
	26.20
	1.47
	20.14
	17.26
	17.10

	
	
	Ethyl acetate
	40.20
	3.11
	20.60
	37.89
	36.62

	
	
	Methanol
	46.11
	4.89
	26.10
	32.11
	39.60

	
	
	Water
	-
	2.99
	14.21
	20.18
	17.11

	Flavonoids
	Stem
	Hexane
	18.42
	4.10
	14.30
	16.38
	15.10

	
	
	Ethyl acetate
	19.27
	4.80
	14.12
	16.11
	16.17

	
	
	Methanol
	22.18
	5.50
	14.40
	21.38
	20.66

	
	
	Water
	-
	4.98
	12.07
	16.74
	-

	Terpenoids
	Stem
	Hexane
	28.14
	14.20
	20.11
	20.94
	-

	
	
	Ethyl acetate
	50.27
	6.21
	26.17
	39.48
	3.10

	
	
	Methanol
	56.11
	10.27
	35.07
	52.66
	48.11

	
	
	Water
	-
	3.69
	14.27
	20.40
	-

	Alkaloids
	Stem
	Hexane
	6.10
	0.74
	3.00
	4.67
	-

	
	
	Ethyl acetate
	7.27
	0.86
	1.89
	5.66
	5.72

	
	
	Methanol
	9.12
	0.94
	2.57
	7.61
	6.44

	
	
	Water
	-
	0.79
	-
	4.94
	-

	Phenolic compounds
	Root
	Hexane
	15.62
	-
	5.40
	7.89
	6.12

	
	
	Ethyl acetate
	40.52
	-
	-
	40.27
	42.40

	
	
	Methanol
	53.01
	1.72
	10.84
	46.61
	42.21

	
	
	Water
	18.12
	-
	4.25
	24.16
	20.56

	Coumarins
	Root
	Hexane
	14.68
	-
	-
	12.01
	10.65

	
	
	Ethyl acetate
	24.81
	-
	17.54
	17.99
	16.00

	
	
	Methanol
	24.14
	1.98
	14.25
	19.54
	17.66

	
	
	Water
	-
	-
	6.22
	7.95
	7.15

	Glycosides
	Root
	Hexane
	1.98
	-
	-
	-
	-

	
	
	Ethyl acetate
	3.65
	-
	-
	2.99
	2.85

	
	
	Methanol
	5.84
	-
	-
	2.44
	2.41

	
	
	Water
	2.16
	-
	-
	2.45
	2.00

	Saponins
	Root
	Hexane
	18.27
	-
	3.00
	10.11
	9.20

	
	
	Ethyl acetate
	19.01
	-
	4.72
	17.99
	16.27

	
	
	Methanol
	32.07
	1.42
	5.47
	9.09
	9.01

	
	
	Water
	14.80
	-
	-
	10.40
	9.27

	Tannins
	Root
	Hexane
	18.19
	-
	-
	20.10
	21.44

	
	
	Ethyl acetate
	41.99
	-
	21.42
	39.00
	37.01

	
	
	Methanol
	51.17
	-
	14.61
	36.27
	35.64

	
	
	Water
	31.47
	1.27
	10.42
	21.27
	18.28

	Flavonoids
	Root
	Hexane
	31.64
	3.28
	10.19
	20.54
	19.10

	
	
	Ethyl acetate
	21.66
	3.10
	10.23
	18.20
	17.34

	
	
	Methanol
	36.16
	4.00
	9.77
	29.45
	27.62

	
	
	Water
	27.01
	3.15
	8.99
	20.00
	19.47

	Terpenoids
	Root
	Hexane
	30.27
	3.01
	14.20
	22.62
	20.99

	
	
	Ethyl acetate
	52.02
	3.26
	14.66
	42.17
	36.23

	
	
	Methanol
	59.02
	4.79
	14.61
	53.27
	51.36

	
	
	Water
	34.56
	3.11
	10.27
	22.15
	19.40

	Alkaloids
	Root
	Hexane
	7.89
	1.00
	2.62
	6.21
	6.29

	
	
	Ethyl acetate
	8.14
	1.20
	2.19
	7.86
	6.94

	
	
	Methanol
	10.12
	1.01
	2.09
	12.80
	11.74

	
	
	Water
	6.11
	-
	-
	5.00
	4.92



4. DISCUSSION 
The present study reveals significant qualitative and quantitative differences in phytochemical composition across five selected true and associate mangrove species Aegiceras corniculatum, Clerodendrum inerme, Derris trifoliata, Suaeda maritima, and Sonneratia apetala based on the polarity of solvents and plant parts analyzed. These variations align with previously reported findings that solvent polarity, species-specific metabolic profiles, and plant organ type profoundly influence phytochemical yields (Chaves et al., 2020; Hira et al., 2024). 
The phytochemical composition of true and mangrove associates showed significant variation both qualitative and quantitatively based on the polarity of the solvents and plant parts examined. Phytochemical yields are significantly affected by solvent polarity, species specific metabolic profiles, and plant part type (Kumar et al., 2023; Tourabi et al., 2023).  In present study it is confirmed that methanol is a highly effective polar solvent for extracting phenolic compounds (Mohammed et al., 2022). Among the leaf samples, S. apetala recorded the highest phenolic content 41.21 mg/g, contrasting sharply with D. trifoliata hexane extract (3.67 mg/g). In case of stem (52.11 mg/g) and root samples (53.01 mg/g), A. corniculatum methanol extracts reported the highest phenolic levels, supporting earlier findings of Tripathi et al. (2025). Interestingly, C. inerme showed poor phenolic compounds recovery across all solvents, particularly in roots. This may be due to its limited biosynthetic capacity or reduced phenolics solubility in the solvents used (Zargoosh et al., 2019).  Coumarins   predominant in A. corniculatum ethyl acetate and methanol extracts. This is in agreement with findings of Sadeer et al. (2020). Conversely, C. inerme displayed minimal coumarin concentrations across all plant parts and solvents, potentially indicating tissue specific expression patterns of coumarin biosynthesis (Wang et al., 2025). The absence of coumarins in all aqueous stem extracts is consistent with their moderate polarity, which inherently limits their water solubility (Ihnatowicz et al., 2024).  Glycosides were best extracted with methanol and ethyl acetate. Notably, A. corniculatum yields 6.89 mg/g of glycosides in its leaf methanol extract. This condition is aligns with its traditional medicinal importance (Kumar et al., 2013). In contrast, D. trifoliata accounted very few glycosides, especially in its root tissues, which could be due to either their localized presence. The poor extraction of glycosides in aqueous extract further confirms that water is not effectively isolating glycosides from the studied plant samples (Ren et al., 2020).  In present study detectable levels of saponins were observed in all leaf samples studied. Methanol proved to be the most effective solvent for saponins extraction.  The saponins content of A. corniculatum (21.41 mg/g) is significantly high in leaves and its roots showed an even higher 32.07 mg/g. This observation is in consistent with Mursaliyeva et al. (2023).  Interestingly, no saponins were detected in C. inerme root extracts with non-polar solvents, which could indicate that saponins are localized to specific tissues in this plant or its saponin biosynthesis is limited (Paramitra et al., 2024).  Our findings indicate that ethyl acetate and methanol are the optimal solvents for tannin extraction. We observed peak concentrations in D. trifoliata leaves (40.61 mg/g) and A. corniculatum stems (46.11 mg/g). The substantial presence of tannins in these plants cope with salt stress and defensive mechanisms (Campobenedetto et al., 2021). Conversely, the minimal extraction of tannins from aqueous and hexane extracts highlights their limited solubility (de Hoyos-Martínez et al., 2019).  Optimum extraction of flavonoids was reported with ethyl acetate and methanol solvents. In present study highest flavonoid content 63.47 mg/g was observed in A. corniculatum leaf ethyl acetate extract. In contrast, hexane was unable to effectively extract flavonoids from the leaves of D. trifoliata, S. apetala, and S. maritima, indicating that the efficiency of flavonoid extraction is solvent polarity dependent (Tzanova et al., 2020). Notably, all root samples showed a consistent presence of flavonoids, indicating their stable synthesis and accumulation even in subterranean parts (Tripathi et al., 2025).  Terpenoids were readily extracted with methanol and ethyl acetate, especially from A. corniculatum and S. maritima. The maximum content was found with A. corniculatum leaf methanol extract (48.12 mg/g) and stem (56.11 mg/g). Their widespread presence in root extracts supports their role in allelopathy and rhizospheric interactions (Gonzalez-Hernández et al., 2024). The aqueous extracts yielded less amounts of terpenoids, confirming aqueous medium less potent for terpene isolation.  In present investigation alkaloids content was recorded to be high in the methanol root extracts of S. maritima (12.80 mg/g) and A. corniculatum (10.12 mg/g). This is further confirmed that their availability will enhance plant defensive mechanism (Lee et al., 2024). The absence of alkaloids in aqueous extracts of C. inerme and D. trifoliata roots indicates the significant role of solvent polarity on extraction efficiency of alkaloids. Furthermore, hexane extracts also showed poor alkaloid extraction, which are in accordance with Cravotto et al. (2022) in tropical halophytes.

4. Conclusion
Based on qualitative and quantitative screening, true mangrove Aegiceras corniculatum demonstrated a broad spectrum of phytochemical presence and recorded the higher yields for most bioactive compounds including phenolics (53.01 mg/g), coumarins (24.81 mg/g), flavonoids (63.47 mg/g), saponins (32.07 mg/g), tannins (51.17 mg/g), and terpenoids (56.11 mg/g) across methanol and ethyl acetate extracts. Among associate mangroves, Suaeda maritima outperformed the others.  It showed more number of phytochemicals both qualitative and quantitatively. In S. maritima presence of phytochemicals such as saponins (18.23 mg/g), terpenoids (52.66 mg/g), flavonoids (16.32 mg/g), and alkaloids (6.87 mg/g) found to be high. These findings indicate that A. corniculatum and S. maritima possess superior phytochemical profiles, making them the most promising candidates among the examined true and associate mangroves for further pharmacological and nutraceutical studies.
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